We studied whether slower community walking speed and whether greater time spent lying down or sleeping were associated with higher mortality in people with lower extremity peripheral artery disease (PAD). Participants with an anklebrachial index (ABI) < 0.90 were identified from Chicago medical centers. At baseline, participants reported their usual walking speed outside their home and the number of hours they spent lying down or sleeping per day. Cause of death was adjudicated using death certificates and medical record review. Analyses were adjusted for age, sex, race, comorbidities, ABI, and other confounders. Of 1314 PAD participants, 189 (14.4%) died, including 63 cardiovascular disease (CVD) deaths. Mean follow-up was 34.9 months ± 18.1. Relative to average or normal pace (2-3 miles/hour), slower walking speed was associated with greater CVD mortality: no walking at all: hazard ratio (HR) = 4.17, 95% confidence interval (CI) = 1.46-11.89; casual strolling (0-2 miles/hour): HR = 2.24, 95% CI = 1.16-4.32; brisk or striding (>3 miles/hour): HR = 0.55, 95% CI = 0.07-4.30. These associations were not significant after additional adjustment for the six-minute walk. Relative to sleeping or lying down for 8-9 hours, fewer or greater hours sleeping or lying down were associated with higher CVD mortality: 4-7 hours: HR = 2.08, 95% CI = 1.06-4.05; 10-11 hours: HR = 4.07, 95% CI = 1.86-8.89; ⩾12 hours: HR = 3.75, 95% CI = 1.47-9.62. These associations were maintained after adjustment for the six-minute walk. In conclusion, slower walking speed outside the home and less than 8 hours or more than 9 hours lying down per day are potentially modifiable behaviors associated with increased CVD mortality in patients with PAD.
Introduction
People with lower extremity peripheral artery disease (PAD) have increased rates of all-cause and cardiovascular disease (CVD) mortality compared to people without PAD, even after adjusting for known CVD risk factors. 1, 2 Statin medications and anti-platelet therapy reduce CVD event rates in patients with PAD. 3, 4 However, CVD event rates remain high in PAD. 5 Supervised treadmill exercise significantly improves walking ability in people with PAD. 6, 7 However, there is no evidence that supervised exercise reduces mortality rates in PAD. 7 Most people with PAD do not have access to or participate in supervised exercise. 8 Walking speed during daily life is a measure of less strenuous walking activity, compared to supervised exercise. 9 Time spent sleeping or lying down and hours spent sitting per day are behavioral measures of physical inactivity 9 that may be targeted with interventions. However, associations of these measures with mortality have not been evaluated in people with PAD. We therefore studied associations of patient-reported walking speed outside the home, the number of hours spent sitting or lying down per day, and the number of hours spent sitting per day with subsequent mortality in patients with PAD. We hypothesized that slower patient-reported walking speed and greater time spent sitting would each be associated with higher all-cause and CVD mortality in people with PAD. Based on prior literature in people without PAD, 10, 11 we hypothesized that sleeping or lying down for 8-9 hours per day would be associated with lower mortality rates than higher or lower durations of sleeping or lying down.
Methods

Study overview
We combined data from three prospective observational studies of patients with PAD: The Walking and Leg Circulation Study (WALCS) II, WALCS III, and the BRAVO Study. [12] [13] [14] WALCS II was conducted between 2002 and 2006, WALCS III between 2005 and 2014, and BRAVO between 2009 and 2013. In all three studies, participants were recruited from Chicago-area medical centers and were followed longitudinally. The institutional review boards of Northwestern University and all participating medical centers approved the protocol. All participants gave written informed consent. In the WALCS II and WALCS III cohorts, participants completed baseline testing and returned annually for follow-up visits for up to 4 years. In the BRAVO cohort, participants completed baseline testing and returned every 2 months for up to 3.3 years.
Participant identification
In all three cohorts, PAD participants were identified from among consecutive patients with PAD in Chicago-area vascular surgery and non-invasive vascular laboratories. Participants were also identified from among lists of PAD patients in cardiology, general medicine, endocrinology, and geriatric clinics at Northwestern.
Inclusion criteria
All participants in these analyses had a baseline anklebrachial index (ABI) < 0.90. Participants with PAD and non-compressible lower extremity vessels and those with prior revascularization with a normal ABI at the time of baseline testing were not included in these analyses.
Exclusion criteria
In all three studies, patients with dementia were excluded because of their inability to answer questions accurately. Nursing home residents were excluded because they had severely impaired functioning at baseline. Non-Englishspeaking patients were excluded because investigators were not fluent in non-English languages. Patients with recent major surgery were excluded because the surgery may have influenced their walking speed, sitting down time, or lying down time. In the WALCS II and WALCS III cohorts, participants who were wheelchair bound or who had history of leg or foot amputations were excluded because of their severe functional impairment at baseline. In the WALCS III cohort, participants with contraindications to magnetic resonance imaging (MRI) testing were excluded. Participants with critical limb ischemia were not included in any of the cohorts.
Ankle-brachial index measurement
A hand-held Doppler probe (Nicolet Vascular Pocket Dop II; Nicolet Biomedical Inc., Golden, CO, USA) was used to measure systolic pressures in the right and left brachial, dorsalis pedis, and posterior tibial arteries. 15 Each pressure was measured twice. For each leg, the ABI was calculated by dividing the mean of the dorsalis pedis and posterior tibial pressures by the mean of the four brachial pressures. 16 Average brachial pressures in the arm with the highest pressure were used when one brachial pressure was higher than the opposite brachial pressure in both measurement sets and the two brachial pressures differed by 10 mmHg or more in at least one measurement set. In these cases, subclavian stenosis was possible. 17 The leg with the lowest ABI was used in analyses.
Participant-perceived walking speed outside the home
At baseline, participants were asked to describe their typical walking speed outside their home. Participants were asked: 'When you walk outside your house, what is your usual walking speed?'. 9 Participants selected from one of the following responses: (a) No walking at all; (b) Casual strolling (0-2 miles per hour); (c) average or normal (2-3 miles per hour); (d) brisk or striding (> 3 miles per hour). This measure of community walking speed previously was reported to predict rates of cardiovascular events in community dwelling women 9 and decline in calf skeletal muscle density in people with PAD. 18 
Hours sleeping or lying down and hours spent sitting per day
At baseline, participants were asked: 'In a typical day, how many hours do you spend sleeping or lying down? Include time spent sleeping, lying down resting, napping and trying to get to sleep'. 9 Participants selected from one of the following responses: (a) 4-7 hours; (b) 8-9 hours; (c) 10-11 hours; (d) 12 or more hours. 9 This measure of hours spent sleeping or lying down predicted cardiovascular event rates in community dwelling women. 9 Participants were also asked: 'In a typical day, how many hours do you spend sitting? Be sure to include time spent sitting at a desk, riding in a car, eating, and sitting up watching television'. 9, 19 Participants selected from one of the following responses: (a) Less than 4 hours; (b) 4-7 hours; (c) 8-11 hours; (d) 12 or more hours. This measure of hours spent sitting previously was reported to predict rates of cardiovascular events in community dwelling women 9 and rate of decline in walking velocity in people with PAD. 18 
Six-minute walk
The six-minute walk test was performed at baseline using a standardized and well-validated protocol. 20, 21 Participants walked up and down a 100-foot hallway for six minutes after instructions to cover as much distance as possible.
Comorbidities
Comorbidities assessed at baseline were diabetes, angina, myocardial infarction, heart failure, cancer, chronic lung disease, and stroke. Disease-specific algorithms that combine data from patient report, medical record review, medications, laboratory values, and a questionnaire completed by the participant's primary care physician were used to verify and document baseline comorbidities. 22 
Other measures
Height and weight were measured at baseline. Body mass index (BMI) was calculated as weight (kilograms)/(height (meters)) 2 . Cigarette smoking history was determined with patient report.
Mortality assessment
At baseline, participants provided names of three proxies to assist with ascertaining complete follow-up. Mortality information was obtained from family members, proxies, and primary care physicians. For patients lost to follow-up, we used the Social Security Administration death database to search for deaths. Death certificates were obtained from the State of Illinois or from the patients' medical records. CVD deaths consisted of deaths due to coronary heart disease, stroke, peripheral vascular disease, and other CVD. The date of death was obtained from the death certificate. Follow-up for participants who were not deceased continued until the date of last contact at a study visit or by telephone.
Statistical analyses
Linear and logistic regressions were used to compare continuous and binary baseline clinical characteristics across categories of participant-reported walking speed outside the home, hours spent lying down or sleeping per day, and hours spent sitting per day, respectively. Pearson correlation coefficients were calculated between the six-minute walk and each patient-reported measure of walking speed, time spent lying down or sleeping, and time spent seated per day.
Proportional hazards analyses were used to compare the all-cause mortality and cardiovascular mortality between the reference group and remaining categories for walking speed outside the home, hours spent lying down or sleeping per day, and hours spent sitting per day, respectively. Analyses were adjusted for age, sex, race, study cohort (WALCS II, WALCS III, or BRAVO), BMI, smoking, and comorbidities, and the ABI. Analyses were repeated with additional adjustment for the baseline six-minute walk. For statistically significant results, separate analyses were performed excluding participants who died during the first 12 months of follow-up, to determine whether the associations were substantively influenced by participants who died soon after the independent measures of interest. Pairwise statistical comparisons were made between a reference category for each independent variable of interest (average or normal walking speed, less than 4 hours sitting, and 8-9 hours lying down or sleeping per day, respectively) with each remaining category of walking speed, hours spent sitting, and hours lying down or sleeping, respectively. The trend test was conducted by coding the independent variable of interest, such as walking speed, as 1, 2, 3, etc. A p-value of < 0.05 was considered statistically significant. The intent of the analyses was to identify overall patterns of associations. Therefore, we did not adjust for multiple comparisons.
Analyses were performed using SAS statistical software (version 9.4; SAS Institute Inc., Cary, NC, USA).
Results
A total of 1314 PAD participants (438 from WALCS II, 354 from WALCS III and 522 from BRAVO) met eligibility criteria and were included in analyses ( Figure 1 ). Of the 1314 participants, 189 (14.4%) died during a mean follow-up of 34.9 months ± 18.1. Of the 189 deaths, 63 (33.3%) were CVD deaths, 39 (20.6%) were cancer deaths, 10 (5.3%) were diabetes-related deaths, one (0.62%) was accidental, 29 cause (15.3%) was unknown, and the remainder (n=47, 24.9%) were due to miscellaneous causes.
Pearson correlation coefficients between the six-minute walk and participant-reported walking speed, time spent lying down or sleeping, and time spent sitting per day were 0.470 (p<0.001), -0.142 (p<0.001), and -0.068 (p=0.016), respectively. Table 1 compares characteristics of survivors and decedents at baseline. Decedents were older, had a lower ABI and had a lower BMI than survivors. Decedents included a smaller proportion of African Americans and had higher prevalences of pulmonary disease, cancer, angina, myocardial infarction, and heart failure compared to survivors. Table 2 shows participant characteristics according to baseline walking speed outside the home, hours spent lying down or sleeping per day, and hours spent sitting per day. Slower self-reported walking speed outside the home was associated with older age, lower ABI values, higher BMI values, a higher prevalence of women and African Americans, and higher prevalences of diabetes, pulmonary disease, angina, myocardial infarction, heart failure, and stroke. Compared to participants who reported sleeping or lying down for 8-9 hours per day, those who reported sleeping or lying down either more or less than 8-9 hours per day were younger and included higher prevalences of current smoking. Duration of sleeping or lying down was also associated with the prevalence of African Americans, males, and stroke. Greater time sitting was associated with younger age, higher BMI and a higher prevalence of pulmonary disease. The prevalences of males and participants with diabetes mellitus also varied significantly across the duration of time sitting (Table 2) .
Adjusting for age, sex, race, BMI, smoking, ABI, and comorbidities, slower outdoor walking speed was associated with higher all-cause mortality (Figure 2A ). PAD participants who reported an outdoor walking speed of casual strolling (0-2 miles per hour) had higher all-cause mortality rates than PAD participants who reported an outdoor walking speed of average or normal (2-3 miles per hour) ( Figure 2A ). There were no other significant pairwise associations between outdoor walking speed and all-cause mortality. Associations in Figure 2A were no longer statistically significant when participants who died during the first 12 months of follow-up were excluded (p-trend = 0.053). Adjusting for age, sex, race, BMI, smoking, ABI, and comorbidities, slower outdoor walking speed was associated with higher CVD mortality ( Figure 2B ). PAD participants who reported no outdoor walking and those who reported an outdoor walking speed of casual strolling had higher CVD mortality rates compared to PAD participants who reported an outdoor walking speed of average or normal. Associations in Figure 2B remained statistically significant when participants who died during the first 12 months of follow-up were excluded (p-trend = 0.009). Adjusting for age, sex, race, BMI, smoking, ABI, and comorbidities, time spent sleeping or lying down was associated significantly with all-cause mortality and CVD mortality ( Figure 3 ). Compared to PAD participants who reported lying down or sleeping 8-9 hours per day, PAD participants who reported lying down or sleeping 10-11 hours per day and those who reported lying down or sleeping 12 or more hours per day had higher all-cause mortality ( Figure 3A) . Results in Figure 3A remained statistically significant when participants who died during the first 12 months of follow-up were excluded (p-value = 0.003).
Compared to PAD participants who reported sleeping 8-9 hours per day, those who reported lying down or sleeping 10-11 hours per day, 12 or more hours per day, and 4-7 hours per day had higher CVD mortality ( Figure 3B ). Results in Figure 3B remained statistically significant when participants who died during the first 12 months of followup were excluded (p-value = 0.006).
After adjusting for age, sex, race, BMI, ABI, smoking, and comorbidities, there were no associations of time sitting per day with all-cause or CVD mortality (Table 3) . Table 4 shows associations of outdoor walking speed and hours lying down or sleeping with all-cause and CVD mortality before and after adjusting for six-minute walk performance. Of the 1314 participants, 1234 (93.9%) had data for both the six-minute walk and outdoor walking speed at baseline, and 1227 (93.4%) had data for both the six-minute walk and hours lying down or sleeping. Associations of outdoor walking speed with all-cause and CVD mortality were no longer statistically significant after adjusting for the six-minute walk in addition to age, sex, race, BMI, ABI, smoking, and comorbidities ( Table 4 ). The association of 10-11 hours lying down or sleeping per day with higher allcause mortality remained statistically significant compared to sleeping or lying down 8-9 hours/day, even after adjusting for the six-minute walk (hazard ratio (HR) = 1.99, 95% confidence interval (CI) = 1.26-3.15, p=0.003) ( Table 4 ). Associations of hours lying down or sleeping with cardiovascular mortality were attenuated but remained statistically significant even after adjusting for the six-minute walk in addition to age, sex, race, BMI, ABI, smoking, and comorbidities (Table 4 ). In this fully adjusted model, the six-minute walk was significantly associated with both all-cause mortality and CVD mortality (HR = 0.898, 95% CI = 0.859-0.939/100 feet, p-value <0.0001 and HR = 0.890, 95% CI = 0.822-0.965/100 feet, p-value = 0.004, respectively).
Discussion
Among 1314 men and women with PAD followed for nearly 3 years, slower patient-reported outdoor community walking speed was associated with higher all-cause and CVD mortality, even after adjusting for comorbidities, age, and other confounders. These results were independent of PAD severity, measured by the ABI. However, these associations were no longer statistically significant after additional adjustment for the six-minute walk. PAD participants who reported sleeping or lying down either more or less than 8-9 hours per day had higher all-cause and CVD mortality compared to people who reported sleeping or lying down 8-9 hours per day. These associations of lying down or sleeping time per day with all-cause and CVD mortality were independent of PAD severity and were not significantly attenuated after adjustment for six-minute walk performance.
Previous work demonstrated that poorer six-minute walk performance, slower four-meter walking velocity, poorer treadmill-measured exercise capacity, poorer patientreported stair climbing ability measured with the Walking Impairment Questionnaire (WIQ), and greater declines in patient-reported walking ability measured by the WIQ were each associated with higher all-cause and CVD mortality in people with PAD. 20, [23] [24] [25] [26] However, objective measures of walking are distinct from participants' perception of their outdoor walking speed and hours spent lying down or sleeping. The WIQ assesses participants' perception of the ease with which they walk increasingly greater distances, faster speeds, or up flights of stairs. In contrast, we used a single question to assess PAD participants' perception of their outdoor walking speed. 9, 18 We also used a single question to assess the number of hours spent lying down or sleeping. 9, 18 Based on our results, further study is warranted to determine whether interventions to increase walking speed outside the home may reduce mortality in people with PAD. Identifying biologic pathways associated with mortality in PAD is important in order to establish potential therapeutic targets to reduce mortality in people with PAD.
The lack of association between time spent sitting and mortality is unexpected. Prior study showed that greater quantities of accelerometer-measured physical activity were associated with lower all-cause and CVD mortality among people with PAD. 27 There are at least three potential explanations for the lack of association between hours spent sitting and mortality. First, it may be true that only vigorous activity (that is not measured by time spent seated) is associated with reduced mortality. Second, the scale used to measure time sitting may not be ideally suited for PAD participants. PAD participants are known to be more inactive than non-PAD participants. 28 Our question about time spent sitting categorized all participants with time spent sitting of > 12 hours into one group. 9, 18 The single question did not allow us to distinguish between people sitting for 13 versus 15 hours per day, for example. Third, PAD participants may not accurately report the time they spend seated.
Our results suggest that the optimal combined duration of sleeping or lying down at night is 8-9 hours per day for people with PAD. Both shorter and longer time periods of sleeping or lying down per day were associated with higher rates of CVD mortality. These findings are consistent with some studies of sleep duration in community dwelling men and women without PAD. [9] [10] [11] 29, 30 However, a recent systematic review of people without PAD reported that a 'U' shape association of sleep with all-cause mortality has not been consistently demonstrated. 31 Potential mechanisms by which a short sleep duration may be associated with increased mortality include higher levels of cortisol or increased inflammation in people with shorter sleep duration. 31 Potential mechanisms by which prolonged sleep duration may be associated with increased mortality include altered immune function, depression, or underlying disease processes in people with longer sleep duration.
The six-minute walk is a well-validated measure of walking endurance in patients with PAD. 20, 21, 32 Previous studies showed that poorer performance on the six-minute walk test was associated with higher rates of mobility loss and mortality in patients with PAD. 20, 32 Our results showed that the association of walking speed in the community with all-cause and CVD mortality was attenuated and no longer statistically significant after additional adjustment for the six-minute walk test. This may be related to the moderately strong correlation between the six-minute walk and walking speed in the community. However, this finding may also be related to the fact that the six-minute walk measure is an objective assessment, whereas patientreported walking speed outside the home is a subjective assessment. Subjective assessments are more susceptible to reporting bias and are based on a participant's perception rather than a direct objective measurement. The six-minute walk test requires the presence of a 100-foot hallway, a stopwatch, and a coordinator to conduct the test. Six-minute walk testing may not be feasible in all clinical settings. When the six-minute walk test, a treadmill test, or a multicomponent questionnaire is not feasible in clinical practice, obtaining information from patients with a single question about their walking speed in the community and/or about the number of hours they spend lying down or sleeping may be useful alternates. In contrast to patient-reported walking speed, the associations of patient-reported time spent lying down or sleeping with all-cause and CVD mortality were not attenuated, even after adjustment for the six-minute walk. Self-reported outdoor walking speed and time spent lying down or sleeping are likely to be strongly associated with overall health, and thereby be proxies for mortality risk. PAD patients with more severe or greater numbers of comorbidities may sleep more hours per day and also have higher mortality. The association of outdoor walking speed with all-cause mortality was no longer statistically significant, but associations of time spent lying down or sleeping remained statistically significant, even after participants who died during the first 12 months of follow-up were excluded from analyses. These results suggest that our results may not be overly influenced by the greater burden of comorbidities that increase near-term mortality among PAD participants who slept more.
Limitations
Our study has limitations. First, our study was observational and findings should not be misconstrued as causal. Second, because of the observational study design, we cannot rule out the possibility of residual confounding. Third, our study design does not allow us to discern the biological explanation for the significant associations identified. For example, further study is needed to determine whether very long or very short durations of sleeping alter levels of inflammation, immune function, or cortisol levels, thereby increasing mortality. Fourth, our findings may not be generalizable to PAD patients who did not meet study inclusion criteria. Fifth, the mean follow-up for our study was 34 months. Our findings may not be generalizable to shorter or longer term follow-up. Sixth, we did not adjust for multiple comparisons, and therefore some of the associations may have been significant due to chance. Seventh, our analyses did not include accelerometer-measured physical activity, a more precise measure of vigorous activity.
Conclusion
In conclusion, self-reported outdoor walking speed in the community and the number of hours spent lying down or sleeping were associated with rates of all-cause and CVD mortality in patients with PAD. However, the association of outdoor walking speed with mortality was no longer significant after adjusting for the six-minute walk. Further study is needed to determine whether interventions that reverse or improve these potentially modifiable risk factors lower rates of mortality in patients with PAD.
